In this study was aimed at reducing uterine damage and increasing fertility after uterine torsion in pregnant animals.
Introduction
Uterine torsion is one of the frequent causes of dystocia in all ruminants, although it is primarily found in cattle, and it constitutes 7% of all dystocias. Treatment applications are generally developed in order to correct the torsion and enable parturition (11) , although no routine application exists for the maintenance of fertility in animals with uterine torsion. Nevertheless, more than half of the surviving animals with uterine torsion have been reported to become isolated from the herd in later stages due to infertility. The cause of infertility in these animals has been suggested to be the ischaemic/reperfusion damage as a result of torsion and detorsion (10) .
It has been reported that the physiological and pharmacological concentrations of melatonin affect the free radicals that increase during ischaemic/reperfusion damage and reduce myocardial damage (mortality, arrhythmias, and infarction areas). This effect of melatonin may be related to its anti-adrenergic property, as well as its free-radical scavenging and anti-oxidant effects (7) . The ischaemic/reperfusion preventive effect of melatonin is not limited to the heart, but has also been detected in hepatic (13) and cerebral (9) cells. This study set out to determine the effects of melatonin administrations on uterine tissue in pregnant rats in which uterine torsion was formed experimentally.
Materials and Methods
A total of 35 female Wistar rats aged 3-4 months, with a gestational age of 18-19 days and a weight of 200-250 g, were used. The animals were obtained from the Experimental Investigations Centre of Firat University, Turkey. They were kept in individual cages and were exposed to a rhythm of 12 hr dark and 12 hr light, and were fed ad libitum. Ethical approval was obtained from the Local Ethical Committee of Fırat University Laboratory Animals (17.12.2014 -2014/128).
The animals were grouped as follows: Group 1: rats that were given only anaesthesia on their 18-19 th gestational day (n=7). Group 2: rats with an experimentally formed uterine torsion of 360 degrees on their 18-19 th gestational day, corrected six hr later (n=7). Group 3: rats with an experimentally formed uterine torsion of 360 degrees on their 18-19 th gestational day, corrected six hr later, with melatonin (10 mg/kg IP) applied at the same time (n=7). Group 4: rats with an experimentally formed uterine torsion of 360 degrees on their 18-19 th gestational day, with melatonin (10 mg/kg IP) administered six hr later along with torsion correction (n=7). Group 5: rats receiving melatonin on the 15-16 th gestational day (10 mg/kg/day IP), and then uterine torsion of 360 degrees was formed experimentally in the uterus of these rats on their 18-19 th gestational day, corrected six hr later (n=7).
Vaginal irrigations were performed as described by Risvanli et al., (12) and involved using elastic pipettes and tips with distilled water. Animals whose slides included spermatozoids were accepted as coitus positive. These dates were recorded as the zero day of pregnancy.
All operations were performed with the animals under ketamine/xylazine anesthesia, and animals with a gestational age of 18-19 days underwent laparotomy following routine procedures. The right cornu uteri of the animals were passed through the hole formed in the nonvascular region of lig. lata uteri of the left cornu uteri at the level of the urinary bladder. Then, the right cornu was passed through the same hole for the second time, and torsion was thereby formed. Following this procedure, the abdomens of the animals were closed with proper suturing material. Six hr after the operation, another laparotomy was performed on the same animals under anaesthesia and the torsion was corrected.
On the first day post-partum, all animals underwent ovariohysterectomy and the samples were obtained from uterine cornus and kept at -80°C. The contractionrelaxation responses of the myometrium were also determined in the organ baths. Within 24 hr after parturition/abortion a tissue section comprising all the layers of the uterus, with dimensions of 15x2 mm and of 23.4±6.67 mg weight, was obtained from the middle part of the uterine cornu parallel to the long axis ( Figure 1 ). The tissues that had been kept at -80°C in the deep freeze were removed and weighed on sensitive scales as pieces of 100 mg. Homogenization was performed by diluting 0.01 M phosphate buffer saline (pH 7.4) at a 1:10 ratio, and within ice blocks of 4°C. Following the homogenization procedure, centrifugation was carried out at 50.000 rpm for 10 min, and the supernatant parts were removed (5). The centrifugation procedure was repeated on the remaining pellet portions until these portions brightened up, and the obtained homogenates were apportioned. The amount of protein inside the homogenates was determined using the Lowry method (µg/ml). A 20 μg total protein sample was loaded onto a 10% polyacrylamide gel and electrophoresed in SDS running solution (Running buffer; 2.4 mM Tris, 19.2 mM glisin, SDS of 0.01%) at 90 V for one hour. The separated proteins were transferred from the SDS-PAGE at 100 V in a period of one hour inside a transfer solution (25 mM Tris, 192 mM glisin, 20% methanol, pH 8.3) to the PVDF membrane. Following the transfer, the membrane was also blocked at 4°C inside the prepared milk powder of 5% inside PBS-T (PBS+ 1% Tween-20) solution. Following the blocking procedure, the membrane was treated with primary antibodies for two hours at room temperature. Subsequently, the membrane was washed four times with PBS-T for duration of 30 minutes. After the washing procedure, the membrane was treated with horseradish peroxidase conjugated secondary antibodies at a dilution of 1:10.000 for one hour at room temperature. The membrane was washed again four times with PBS-T for duration of 30 minutes. The protein bands were then visualized using the DAB chemical solution (5) .
The analyses of ADMA, arginine, and symmetrical dimethyl arginine (SDMA) in the samples were carried out using the high performance liquid chromatography (HPLC) apparatus at the University of Firat's Department of Biochemistry (16).
In the organ bath experiments, the Kruskal-Wallis test, which is the equivalent of the one-way nonparametric analysis of variance, was performed in the statistical analyses of the data due to the presence of five groups, the use of different experimental subjects, and the lack of a normal distribution. The Kruskal-Wallis test was used in groups in which the medians were not equal, and the Bonferroni Corrected Mann-Whitney U test (P<0.01) was used as the post hoc multiple comparison method by lowering the level of significance in groups in which the significance was lower than 0.05. The Corrected MannWhitney U test was performed following the KruskalWallis variance analysis in the evaluation of the distribution of arginine, SDMA, and ADMA values according to the groups. The SPSS for Windows version 22.0 (SPSS Inc. Chicago, Illinois, USA) program package was used for the statistical analyses.
Results
The parameters of the area under the contractile curve (AUC), amplitude, and frequency of spontaneously occurring contractions were determined in all five groups (Table 1 ). While the difference between the groups with regard to the parameters of amplitude and AUC was determined to be statistically significant (P<0.05), the difference regarding the frequency parameter was found to be insignificant (P>0.05).
When the difference between the groups with regard to AUC was addressed, the values belonging to Group 3 were determined to be higher than those of Groups 2, 4, and 5 (P<0.05). Still, the difference between Group 3 and Group 1 and 4 was found to be statistically insignificant (P>0.05) ( Table 1) .
When the difference between the groups with regard to amplitude was addressed, the values belonging to Group 3 were determined to be higher than those of Groups 2 and 5 (P<0.05). Still, the difference between Group 3 and Group 1 and 4 was found to be statistically insignificant (P>0.05) ( Table 2) . The bands appearing as a result of the western blot procedure were visualized using the image-j program and the relative protein amounts were calculated. Accordingly, the protein expression values for Hsp90, TLR4, and NF-κB in Group 1, which was accepted as the control group, were observed to be 100%. For Hsp90, the protein expression values in the second, third, fourth, and fifth groups were determined to be higher than those of the control group, in the order of 56.3%, 38.0%, 77.6%, and 70.1%, respectively. For TLR4, higher protein expression values than those of the control group were determined in the second, third, fourth, and fifth groups, in the order of 55.4%, 50.5%, 61.1%, and 47.9%, respectively. For NF-κB, higher protein expression values than those of the control group were determined in the second, third, fourth, and fifth groups, in the order of 65.5%, 54.5%, 62.7%, and 45.5%, respectively (Figure 2) . The distribution of the arginine, SDMA, and ADMA values according to the groups has been summarised in Table 2 . Accordingly, the lowest values of arginine (2.38±0.71 µmol/L; P<0.05) and ADMA (0.14±0.29 µmol/L; P<0.01) were determined in Group 3. The lowest SDMA value, however, was determined in Group 1 (0.32±0.07 µmol/L; P<0.01).
Discussion and Conclusion
Melatonin plays an important role in the TLR4/NF-κB pathway, especially in ischaemic/reperfusion damage. When the secretion of NF-κB and TLR4 are blocked, inflammation has been reported to be suppressed as well. NF-κB is activated in response to oxidative stress and is a redox sensible transcription factor, which is responsible for the production of inflammatory genes. In rats with TLR4 insufficiency, ischaemic/reperfusion damagerelated inflammation has been suggested to decrease (6) . The relationship between the Hsp90 and NF-κB molecules in various inflammatory disorders has been put forth in various studies. It has been reported that the transcription of many genes is up-regulated secondary to activation of NF-κB following cerebral ischaemia. Inhibition of the NF-κB pathway has been reported to be protective against cerebral ischaemic damage, both genetically and pharmacologically (8) . The inhibitor is found through the formation of complexes with NF-κB kinase and Hsp90, and impairment of these complexes by Hsp90 inhibitors blocks the inhibitor NF-κB kinase function; subsequently, the NF-κB activation may be blocked. Secondary to this, an increase in ischaemic/reperfusion damage has been reported (14) . In the present study, according to the results of the western blot, higher protein expressions than those of the control group for Hsp90 are found in the second, third, fourth, and fifth groups, in the order of 56.3%, 38.0%, 77.6%, and 70.1%, respectively. For TLR4, higher protein expression values than those of the control group were determined in the second, third, fourth, and fifth groups, in the order of 55.4%, 50.5%, 61.1%, and 47.9%, respectively. For NF-κB, higher protein expression values than those of the control group were determined in the second, third, fourth, and fifth groups, in the order of 65.5%, 54.5%, 62.7%, and 45.5%, respectively.
In ischaemic/reperfusion damage, ADMA reduces the activity of dimethylarginine dimethylaminohydrolase (DDAH), and increases its concentration. Furthermore, it also exerts an effect on the production of nitric oxide (NO) by competing with arginine for binding to the active point of the nitric oxide synthetase (NOS) center. However, the molecular mechanisms in the ischaemic/reperfusion damage have not been completely understood. Nonetheless, the ADMA/DDAH pathway has the potential ability to reduce the effects of ischaemic/reperfusion damages (4, 8, 18) . In a study carried out by Ferrigno et al. (5) on male rats with regard to hepatic ischaemic/reperfusion damage, it was reported that the serum ADMA levels had increased and that the intracellular ADMA levels had decreased after a 60-min ischaemic attack. In the same study, following reperfusion, the DDAH activity and the mRNA and protein expression were reported to have decreased. In the present study also, the lowest values of arginine (2.38±0.71 µmol/L; P<0.05) and ADMA (0.14±0.29 µmol/L; P<0.01) were determined at the time of detorsion in Group 3, in which melatonin had been administered. The lowest SDMA value, however, was determined in Group 1, in which torsion had not been formed (0.32±0.07 µmol/L; P<0.01).
In spite of the fact that the mechanism of melatonin cannot be precisely explained, it has been reported to inhibit the spontaneous or oxytocin-stimulated myometrial contractions in pregnant and non-pregnant rats (2) . However, it has also been reported that melatonin at micromolar doses does not inhibit the uterine smooth muscles stimulated with prostaglandin f2-alpha in ovariectomized rats (1) . Moreover, in a study performed on pregnant sheep, melatonin administration was reported to have no effect on the myometrial contractility. Still, the administration of melatonin has been reported to inhibit the oxytocin-stimulated myometrial activity in rats (15). Despite all the research carried out in the literature, no publication regarding the effects of melatonin on uterine contractility in produced ischaemic/reperfusion damage or torsion/detorsion was encountered. In the present study, however, the contractility in the uterus of rats, in which uterine torsion was produced experimentally in advanced pregnancy, was observed to be decreased compared with the control group. Of the AUC, amplitude, and frequency parameters evaluated in the organ bath experiments, the difference between the melatonin-administered groups with regard to amplitude and AUC was found to be statistically significant. However, the difference between the groups with regard to frequency was determined to be statistically insignificant. When the inter-group differences were addressed with regard to AUC, the values belonging to Group 3 were higher than those of Groups 2, 4, and 5. When the intergroup differences were addressed with regard to amplitude, the values in Group 3 were determined to be higher than those of Groups 2 and 5. Administration of melatonin at the time of detorsion positively affected the uterine contractions, and not at the time of torsion formation.
In previous studies on ovarian torsion (Adnexal torsion), various materials such as vitamins E and C, mannitol, melatonin, caffeic acid, and erythropoietin have been used to reduce the reperfusion damage, and as a result these chemicals have been reported to reduce the damage caused by ischaemia/reperfusion to the ovary (3), to a certain extent. In a study carried out by Turkoz et al., (17) in which they produced ovarian torsion in rats, melatonin was reported to protect the ovary against oxidative damage resulting from ischaemia/reperfusion. In the present study also, according to the results of the organ bath and western blot experiments, administration of melatonin was observed to reduce the damage resulting from ischaemia/reperfusion caused by torsion/detorsion in rats, in which torsio uteri was experimentally produced.
According to these experimentally obtained results, administration of melatonin at the time of torsion formation and not at the time of torsion reduces uterine damage caused by uterine torsion in advanced pregnancy. However, in animals such as sheep and cattle, generally due to the inability to determine the precise time of torsion, it was determined that administration of melatonin following the diagnosis of uterine torsion or just after correction of the torsion was beneficial. 
